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Abstract

Available water for human needs and agriculture is a growing global concern.
Agriculture uses approximately 70% of global freshwater, mainly for irriga-
tion. The Lower Fraser Valley (LFV), British Columbia, is one of the most
productive agricultural regions in Canada, supporting livestock production
and a wide variety of crops. Water scarcity is a growing concern that threat-
ens the long-term productivity, sustainability, and economic viability of the
LFV’s agriculture. We used the BC Agriculture Water Demand Model as a
tool to determine how crop choice, irrigation system, and land-use changes
can affect predicted water requirements under these different conditions,
which can aid stakeholders to formulate better management decisions. We
conducted a comparative assessment of the irrigation water demand of seven
major commercial crops, by distinct soil management groups, at nineteen
representative sites, that use both sprinkler vs drip irrigation. Drip irrigation
was consistently more water-efficient than sprinkler irrigation for all crops.
Of the major commercial crops assessed, raspberries were the most efficient
in irrigation water demand, while forage and pasture had the highest calcu-
lated irrigation water demand. Significant reductions in total irrigation water
demand (up to 57%) can be made by switching irrigation systems and/or
crops. This assessment can aid LFV growers in their land-use choices and
could contribute to the selection of water management decisions and agri-
cultural policies.
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1. Introduction

Freshwater resources are becoming increasingly scarce as a result of competing
demand for a growing population, competition by industry and energy, as well
as the uncertainties caused by climate change [1] [2]. These demands threaten
human food and water security and may negatively impact ecosystem integrity
[3] [4]. Of the total global freshwater withdrawals, it is estimated that 70% is
used by agriculture, mainly for supplemental irrigation [4] [5]. Combined with
growing populations, the expansion and intensification of agriculture are putting
additional stress on water resources [5] [6]. Agricultural management decisions
are driven by many factors including prior farming experience, economics, and
land capability, but in the face of water supply challenges, it is important that
land managers also consider current and future water demand and availability.
Concerns have been raised that unless water for agriculture is better managed,
water resources will not meet agricultural production needs within the next 50
years [7].

While the agriculture sector accounts for the vast majority of the consumptive
use of freshwater, agriculture also has the potential for adjustment of water con-
sumption [5]. How agricultural lands are managed influences the longer-term
availability of water resources as different crops have different water require-
ments and different irrigation systems have varying levels of water use efficiency
[8]. Adjustments made by farmers in the Fraser Valley of British Columbia will
impact the water demand [5]. In the face of water scarcity, it will be important
for landowners to consider the selection of crops that is more congruent with the
available water. Furthermore, making informed decisions about land use could
help mitigate water scarcity issues [5]. To make such decisions, there is a need
for reliable tools to help land managers and policymakers to make decisions
about land-use-based water considerations.

Globally, groundwater supplies 42% of irrigation water and comprises 35% of
all water withdrawals [9]. In the LFV, it is estimated that agricultural use com-
prises about half of all groundwater withdrawals [8] [10]. Surface water and
groundwater supply and demand vary among agricultural uses, and as a result,
ecosystems and hydrological cycle dynamics are impacted differently by differ-
ent agricultural uses [10]. For instance, in the LFV, crops such as blueberry and
corn need to be irrigated with only groundwater resources due to their intoler-
ance to salinity and the high electrical conductivity of surface water from the
Fraser River. However, unmanaged withdrawals of groundwater can result in
loss of water in shallow and deep wells, impacting rural residents and farmers
who rely on these resources for drinking, irrigation, and livestock. Environmen-
tal concerns from consistent over-exploitation of groundwater supplies include
lowering of the water table and reduced groundwater input to surface water. In
the LFV, out of 53 total aquifers, 5 aquifers are highly vulnerable and 27 are
moderately vulnerable to being unable to supply the current water demand [11].

Many of these aquifers provide water for various uses, including drinking water
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and agriculture, and thus withdrawals of irrigation water are often in competi-
tion with other uses [12]. To respond to climate change and regional water
supply pressures, it is necessary to use a variety of adaptation strategies, includ-
ing crop selection, adjusting crop planting patterns, and the deployment of wa-
ter-saving and water-harvesting technologies to help mitigate negative effects
[7].

Highly populated regions associated with intensive agriculture are at risk of
experiencing water scarcity. In British Columbia, specifically, the cumulative
impacts of climate change, water extraction, and population growth are causing
documented concern regarding water scarcity, notably during the relatively dry
growing season [13] [14]. Climate change will also result in more frequent and
sustained droughts, further straining the adaptive capacity for agriculture [15].
Furthermore, many of the watersheds in BC are already fully allocated or will be
fully allocated within the next 15 - 20 years [16].

To address the need for sustainable freshwater resources and to help safeguard
the water resources needed to sustain BC’s 4.7 million hectares of agriculture,
the BC Agriculture Water Demand Model was developed. The model was in-
itially developed to measure and predict agricultural water demand in the Oka-
nagan Basin, a relatively arid region (approximately 250 mm of precipitation per
year) [17] and has since been successfully tested in over 25 irrigated areas, in-
cluding some regions that receive over 2300 mm of precipitation per year, within
the province of British Columbia, Canada [18] [19] [20] [21].

The Agricultural Water Demand Model utilizes regional climate and soil data
for local agricultural crop water needs and serves as a comparative tool to assess
crop water demand at the farm or field level [22]. Interactive modelling for crop
and best management practices has been used previously as an effective aid for
farmers and policymakers to examine how changing the agricultural land use of
an area affects various environmental receptors [23] [24] [25]. However, the re-
sults of the modelling have not been applied to consider changes in water de-
mand due to changes in land use (Z.e. selection of crops).

British Columbia’s Lower Fraser Valley (LFV) is one of the most intensively
farmed regions in Canada and generates the largest annual farm receipts in BC
[26]. The region’s mild climate and fertile soils make it highly capable of pro-
ducing a wide variety of crops. However, there is a growing concern in the LFV
about balancing local water demand and supply [6]. It has been estimated that
by 2030, all total available water will be allocated in the LFV [27]. Furthermore,
the region already faces water supply challenges, particularly during the summer
growing season. Thus, the challenge of water stress threatens the long-term
productivity, sustainability, and economic viability of the LFV’s agriculture.

Widespread intensive dairy farms and increasing poultry farms in the LFV
require the production of corn, pasture, and forage as feed [26]. Historically,
raspberries were dominant in the LFV, but farmers have been increasingly

switching to other crops in the past few decades due to increased competition on
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the global raspberry market and the perceived profitability of alternate crops due
to government incentives and market volatility [28]. One crop that has grown in
popularity is highbush blueberry, the production of which has increased by 33%
in British Columbia between 2005 and 2010, but there has been little concern
about changes in water demand by switching crops [29]. Thus, there is a need to
address how land-use changes affect water dynamics in the region, which can

contribute to informing the best management and policy for agriculture.

Objectives

The objectives of this paper were to 1) Use the Agricultural Water Demand Model,
as a tool to make a comparative assessment of the water requirements for major
commercial crops in the LFV and demonstrate how the model can aid agricul-
tural decision-making for effective management of local water resources; 2) Ex-
plore the implications for changing water dynamics in the region by a selection

of alternate land-use.

2. Methods
2.1. Study Area

The Lower Fraser Valley, located in southwestern British Columbia, Canada is
bounded on the south by the Cascade Mountains, to the north by the BC Coast
Mountains, on the east by the Fraser Canyon, and to the west by the Georgia
Strait. The LFV is comprised of the Fraser Valley Regional District and the Me-
tro Vancouver Regional District. In this report, the LFV includes the municipali-
ties of Abbotsford, Chilliwack, Delta, Langley, Maple Ridge, Mission, Pitt Mea-
dows, and Surrey (Figure 1). This region is classified as a moderate oceanic cli-
mate (Képpen climate classification Cfb) with dry summer months, often expe-
riencing moderate drought through July and August. The mean annual temper-
ature is 10.5°C, with lowest temperatures in December (mean daily temperature
3.3°C) and highest in July (mean daily temperature 18.0°C); mean annual preci-
pitation is 1552 mm with the highest precipitation in November (249 mm) and
lowest in August (50 mm) (Table S1) [30]. The LFV has the highest number of
frost-free days in all of Canada [31], with an average of 212 days per year [30].

Lower Fraser Valley soils are alluvial and highly fertile, consisting primarily of
a mix of Brunisolic, Gleysolic, Organic, and Podzolic soils [32]. Soils are domi-
nant in agricultural capability classes 1 - 3. There are over 200 different soil types
present in the LFV, which have been grouped into “soil agricultural manage-
ment groups” [33].

The LFV generates about half of British Columbia’s agriculture’s farm-gate
economic value, despite only containing 3% of British Columbia’s agricultural
land [31]. Total arable land in the LFV is 137,750 hectares, of which 686,130
hectares are cropped [27]. Dominant crops include hay crops, pasture, field
crops, fruits, berries, and vegetables, and nursery products [26]. Table 1 pro-
vides data on the total area irrigated in the LFV at 28,354 hectares, which
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Figure 1. Location of the lower Fraser valley, British Columbia, Canada (light red) includ-
ing municipalities of Chilliwack, Mission, Abbotsford, Surrey, Langley, Delta, Maple Ridge,
and Pitt Meadows with locations of assessment site locations (red dots).

Table 1. Irrigation area and average annual water requirement by crop [27].

Crop Type Irrigation Crop Area (ha)  Average Irrigation Requirement (mm/year)
Pasture/Grass 178 562
Raspberry 1160 311
Blueberry 3754 333
Vegetable 1362 472
Forage 5818 534
Strawberry 8 299
Sweetcorn® 231 265

a. Sweetcorn is corn requires 110 growing degree days after season start.

represents 41% of cropped land [27]. Currently, about 11% of the total area that
is irrigated in the LFV (3790 ha) is irrigated by efficient systems such as drip,
micro sprinkler, and micro spray [27].

2.2. Site, Crop, and Irrigation Selection

BC Government datasets ParcelMapBC [34] and the BC Soil Information Finder
Tool (SIFT) [35] were used to identify parcels representing the 19 major agri-
cultural soil management groups, as defined in the Soil Management Handbook
for the Lower Fraser Valley [33] (Figure 1; Table S2). The Soil Management
Handbook is a locally developed guide that groups together and describes soils
in the LFV that have similar properties and agricultural management practices.
The major commercial crops for the LFV region that were selected for water
demand comparisons included blueberries ( Vaccinium corymbosum L.), rasp-
berries (Rubus idaeus L.), forage (plant material used to feed livestock e.g., alfal-
fa, clover, corn, cereal crops), pasture (crops grown for grazing animals e.g.,
blends of cereal crops, ryegrass, peas, etc), corn (Zea mays L.), potato (Solanum
tuberosum L.), and strawberry (Fragaria x ananassa Duch.). These crops were
selected as representative economically important crops for the region, and
comprise a significant share of the region’s agricultural output (Table 2) [26]. In

addition, they are crops that may be relatively easily exchanged over a short time
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Table 2. Planting regime (e.g. annual, perennial) and estimated planted area in the LFV
for selected crops [15] [36] [37].

Plantin
Crop & Estimate of Cultivated Area in the Lower Fraser Valley
Frequency
Metro Vancouver Regional District: 1470 ha [36].
Potato Annual K o
Fraser Valley Regional District: 354 ha [37].
Corn Annual 8550 ha [15].
. Metro Vancouver Regional District: 170 ha [36].
Strawberry Biennial K o R :
Fraser Valley Regional District: Estimate unavailable.
X Metro Vancouver Regional District: 5446 ha [36].
Blueberry Perennial K o
Fraser Valley Regional District: 3964 ha [37].
. Metro Vancouver Regional District: 176 ha [36].
Raspberry Perennial K o
Fraser Valley Regional District: 1274 ha [37].
Metro Vancouver Regional District: 4169 ha [36].
Pasture Annual K o
Fraser Valley Regional District: 4573 ha [37].
Metro Vancouver Regional District: 8141 ha [36].
Forage Annual

Fraser Valley Regional District: 19,962 ha [37].

frames. While the definitions for pasture and forage are similar, this study
viewed these crops separately because they could be separated inputs by the
Model.

Two common types of irrigation systems, overhead sprinklers and drip irriga-
tion, were selected for comparisons of water demand. Drip irrigation systems
slowly dispense water directly over a plant’s rooting zone, at the soil surface, or
buried just below the soil surface. Sprinkler systems spray water through the air
via a system of pumps, pipes, and sprinklers. Both systems enable a relatively

uniform application of water across a field.

2.3. Agriculture Water Demand Model

The BC Agriculture Water Calculator v2.1.1 [38] based on the Agriculture Water
Demand Model [27] was used as a comparative tool to determine the projected
annual irrigation water demand for the major commercial crops on agricultural
parcels in the LFV. For each soil management group, annual irrigation water
demand was calculated for each crop (blueberry, raspberry, corn, forage, pasture,
strawberry, potato) x irrigation system (sprinkler, drip irrigation). In some cas-
es, a land parcel could not support a specific crop due to land capability (Scat
and Ladner soil groups cannot support raspberries). Furthermore, while this
study uses the Agricultural Water Demand Model to calculate both drip and
sprinkler irrigation requirements, in practice drip irrigation is typically not used
for pasture, forage, or corn crops.

Change in total annual irrigation water demand (TAIWD) was calculated for
all possible pairings of crop x irrigation treatments. Percent change in total an-

nual irrigation water demand (TAIWD) was calculated as:
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Croplrr2 AIWD — Croplrrl AIWD
Croplrrl AIWD

%ATAIWD = ( j *100%

%ATAIWD = percent change in total annual water demand
Croplrrl AIWD

= annual irrigation water demand for intial crop and irrigation system(rn3 -ha_l)

Croplrr2 Annual Irrigatoin Water Demand

= annual irrigation water demand for end crop and irrigation sys‘[em(m3 -ha™ )

The Agricultural Water Demand Model is based on a Geographic Information
Systems (GIS) database that integrates information about the climate, crop type,
irrigation system type, soil texture at a crop’s rooting depth, the soil’s available
water storage capacity, and peak infiltration rate to calculate agricultural water
demand at various scales, from a single parcel to an entire region [39]. The in-
formation is obtained and verified through on-the-ground surveys. The Model
generates polygons within a property that may be added together to determine
the water demand for the property, or a watershed, groundwater region, or local
government boundary. Therefore, the Model may be adapted to any geographi-
cal area for which the required data is available. A gridded climate dataset allows
the water demand to be calculated daily and then summarized by month or an-
nually.

The Agricultural Water Demand Model provides an estimate of peak irriga-
tion flows and annual water demand for irrigation systems. Crop, irrigation sys-
tem type, soils, and climate data are used to calculate the water demand. While
every effort has been made to ensure the accuracy and completeness of the in-
formation, the information should be considered as a comparative best estimate.
We selected the parcel ID for each of our 19 soil parcels, which auto-generated
model settings for soil type (ie. silt clay loam, clay loam, etc.), growing days,
peak ET (evapotranspiration, mm/day), peak flow rate (refers to the flow of wa-
ter from the irrigation system; gpm), and climate ID (a marker referring to a 500
by 500-metre climate grid cell in the Model that links to the climate data from
the nearest weather station) (Figure 2; Table S2). We assumed that the climate
conditions are similar when comparing the annual irrigation water demand
among crops and irrigation systems.

For each climate grid cell, climate data incorporated into the model was used
to calculate a daily reference evapotranspiration rate (Eto) using the FAO Pen-
man-Monteith equations [27] [40]. Then, eight main steps are used to calculate
the irrigation demand based on Agricultural Water Demand Model, though
some crops (e.g. cranberries) require additional steps. This includes calculating
pre-season moisture content, in-season precipitation, cover crop coefficient,
crop evapotranspiration, climate moisture deficit, crop water requirement, irri-
gation requirement, and irrigation water demand [27].

A limitation of the Agricultural Water Demand Model is that the water table
is not considered in the model. In the LFV, some low-lying areas have a high
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Figure 2. Example of how the agricultural water calculator is loaded. The soil parcel (in blue) was used to represent the Carvolth

and Veddy soil management group [38].

water table in parts of the growing season that are within the rooting zone of
commonly grown crops, thus the results from the water demand model may
overestimate the real irrigation water demand for these particular areas [39].
Another limitation is that the model uses only a single soil texture class for a
given parcel which may not be representative of the field as there might be sev-
eral soil types/textures at a site. We selected the dominant soil texture for the
area based on information gathered in the BC Soil Information Finder Tool
(SIFT) [35]. In addition, soil horizons/layers may have restricted percolation

rates resulting in ponding and surface runoff during intense rain events.

3. Results

When comparing crops using the same irrigation system, raspberry had the
lowest calculated annual irrigation water demand followed by strawberry, corn,

potato, blueberry; pasture and forage had the highest annual irrigation water
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demand (Table 3). There was no difference in the calculated annual irrigation
water demand between forage and pasture for any of the soil types or irrigation
systems. In all comparisons, the annual irrigation water demand under a drip ir-
rigation system is relatively lower than the water demand under sprinkler irriga-
tion. The difference in annual irrigation water demand when changing from
overhead sprinkler irrigation to drip irrigation for the same crop is about 22%
for all crop types. Irrigation water demand can change as much as 132% when
land use (crop) or management (irrigation type) are changed (Figure 3). The
largest reductions (<40%) in irrigation water demand were found when switch-
ing from sprinkler-forage/pasture to drip-raspberry, -strawberry, -corn, -potato,
and sprinkler-raspberry. Smaller reductions (20% - 40%) were found for changes
from sprinkler-forage/pasture to drip-blueberry, sprinkler-blueberry, -corn, and
-potato.

Annual irrigation water demand ranges from around 5000 m*ha™" for forage
and pasture to less than 3000 m*-ha™" for raspberries (Figure 4). As stated earlier,
in all cases annual irrigation water demand is lower for drip irrigation than for
sprinkler. When comparing crops using the same irrigation system, the lowest
calculated annual irrigation water demand was found in raspberry, followed by
strawberry, corn, potato, blueberry, and finally pasture and forage (which had
similar total average annual irrigation water demand). Similar trends were found
for selected crops grown on the different soil management groups. The annual
irrigation water demand was generally higher in coarser-textured soils (Sumas,
Sunshine, Bose, and Heron) compared to finer-textured and organic soils under

both irrigation types, which is not unexpected.

Table 3. Total annual water irrigation demand for major crops in the Lower Fraser Valley
(LFV) using sprinkler and drip irrigation. The mean total annual irrigation water demand
is calculated for n = 19 soil parcels and does not consider the actual area of each crop type
with the LFV. Percent difference in total annual irrigation water demand when switching
from sprinkler to drip irrigation is also presented.

Total Annual Total Annual .
Difference
Irrigation Water Irrigation Water (%)
Cro : 3.ha-1 . 3.1 -1

P Demand, Sprinkler (m?-ha™) Demand, Drip (m’-ha™!) Sprinkler
Mean Median SD Mean Median SD to Drip
Blueberry 2792 2710 494 2185 2120 386 -21.75
Forage 3624 3520 641 2837 2760 502 -21.73
Corn 2611 2520 462 2044 1980 361 -21.71
Pasture 3624 3520 641 2834 2760 502 -21.73
Raspberry 1995 1940 352 1562 1520 276 -21.69
Potato 2686 2610 474 2101 2040 372 -21.82
Strawberry 2285 2220 404 1789 1740 316 -21.72
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Start

End Irrigation + Crop

Irrigation + Crop . Sprinkler ‘ Drip
Blueberry |[Raspberry| Pasture | Forage Corn Potato ‘Strawberry‘ Blueberry ‘Raspberry‘ Pasture ‘ Forage ‘ Corn ‘ Potato ‘Strawberry

Blueberry -28.6 29.8 29.8 -6.5 -3.8 -18.2 -21.8 -44.1 1.6 1.6 -26.8 -24.8 -35.9
(0.2) (0.1) (0.1) (0.2) (0.4) (0.1) (0.1) 0.1) 0.2) 0.2) 0.1) 0.2) 0.2)
Raspberry 40.0 81.7 81.7 30.9 34.7 14.6 9.5 -21.7 42.2 42.2 24 5.3 -10.3
0.2) (0.3) 0.3) 0.3) (0.5) 0.2) 0.2) 0.1) (0.3) (0.3) (0.2) (0.2) (0.2)
Pasture -23.0 -45.0 0.0 -28.0 -25.9 -36.9 -39.7 -21.7 -21.7 -43.6 -42.0 -50.6
5 (0.1) 0.1) (0.0) 0.2) (0.3) 0.1) (0.1) (0.0) (0.0) 0.1) (0.1) (0.1)
x Forage -23.0 -45.0 0.0 -28.0 -25.9 -36.9 -39.7 56.9 -21.7 -21.7 -43.6 -42.0 -50.6
= (0.1) 0.1) (0.0) 0.2) (0.3) (0.1) (0.1) (0.0) (0.0) 0.1) 0.1) 0.1)
] Com 7.0 -23.6 38.8 38.8 29 -12.5 -16.3 8.7 8.7 -21.7 -19.5 -31.5
(0.2) (0.2) (0.3) (0.3) (0.4) (0.2) (0.2) 0.3) 0.3) (0.0) 0.2) 0.2)
Potato 3.9 -25.7 34.9 34.9 -2.8 -14.9 -18.7 5.6 5.6 -23.9 -21.8 -334
(0.4) (0.3) (0.6) (0.6) (0.4) 0.2) (0.3) (0.4) (0.4) (0.4) (0.0) (0.2)
Strawberry 222 -12.7 58.6 58.6 14.2 17.6 -4.4 241 241 -10.6 -8.1 -21.7
(0.2) (0.1) (0.3) (0.3) 0.2) (0.4) 0.2) (0.3) 0.3) 0.2) 0.2) (0.1)
Blueberry 27.8 -8.7 65.9 65.9 19.5 23.0 4.6 g 29.8 29.8 -6.5 -3.9 -18.1
0.2) 0.2) (0.3) (0.3) (0.3) (0.5) 0.2) ; (0.3) (0.3) (0.2) (0.2) (0.2)
Raspberry 78.7 27.7 -- 67.1 72.0 46.3 39.9 81.6 81.6 30.8 34.5 14.5
(0.3) 0.2) (0.5) (0.8) 0.3) 0.3) (0.3) (0.3) (0.2) (0.4) (0.3)
a Pasture -1.6 -29.7 277 27.7 -8.0 -5.3 -19.5 -23.0 -44.9 0.0 -28.0 -26.0 -36.9
5 0.2) (0.1) (0.0) (0.0) (0.2) (0.4) (0.2) (0.2) (0.1) (0.0) 0.1) 0.2) (0.1)
Forage -1.6 -29.7 27.7 27.7 -8.0 -5.3 -19.5 -23.0 -44.9 0.0 -28.0 -26.0 -36.9
0.2) 0.1) (0.0) (0.0) 0.2) 0.4) 0.2) 0.2) (0.1) (0.0) (0.1) (0.2) (0.1)
Comn 36.6 24 773 773 27.7 315 11.8 6.9 -23.6 38.8 38.8 2.8 -12.5
(0.2) (0.2) 0.3) (0.3) (0.0) (0.6) (0.3) (0.2) (0.1) (0.3) (0.3) 0.3) 0.2)
Potato 32.9 -5.0 72.6 72.6 243 27.9 8.8 4.0 -25.6 35.1 35.1 -2.7 -14.8
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Figure 4. Sprinkler and drip irrigation total annual irrigation water demand (m>ha™) for
all major crops and soil management groups with soil textural classes.

4. Discussion

4.1. Comparative Assessment of Irrigation Water Demand for
Major Crops

The results demonstrated that significant reductions in total annual irrigation
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water demand can be made by switching irrigation systems or crops. Water re-
quirements were consistently less for crops under drip irrigation compared to
sprinkler systems. This is unsurprising as with sprinkler irrigation systems, wa-
ter can be lost to the atmosphere before hitting the ground and can evaporate
before being utilized by plants. Drip irrigation delivers a more targeted water
supply typically applied directly on the soil surface above plant roots. This study
demonstrated an average of almost 22% reduction in annual irrigation water
demand from sprinkler to drip irrigation for all crop types. However, drip irriga-
tion may not always be a viable option, and this is often the case for forage and
pasture crops. In these cases, management interventions such as irrigation sche-
duling techniques can reduce water use [27]. Additionally, other irrigation me-
thods which may result in decreased irrigation water demand (such as partial root
drying) are not available inputs into the Agricultural Water Demand Model.

Pasture and forage crops required the highest annual irrigation water demand
compared to other crops. Interestingly, despite being separate and distinct crop
inputs to the model, forage, and pasture had similar water requirements. Water
use by either crop will be affected by “cropping” frequency, whether by cattle
(grazing intensity and rotation) or machinery or by cropping or haying multiple
times during the growing season. While pasture and forage water demand had
the highest annual irrigation water demand of the crops we investigated, this
does not include the high water demand of the livestock production that these
crops support. Van der Gulik et al. [27] estimated it takes about 45 - 65 L-day™’
to sustain one dairy cow, and 12 and 0.1 L-day™' for swine and poultry. Livestock
production is very intensive in the LFV; The Census of British Columbia esti-
mates that as of 2016 there are about 250,000 cows, over 70,000 swine and
5,500,000 poultry in the LFV creating an additional water demand for livestock
production of approximately 12.6 to 17.6 million-L-day™" [41].

In the 1990s, when many raspberry farmers started switching to blueberry
crops due to economic factors including increased competition in the raspberry
market and perceived profitability of blueberries, there was concern that the re-
placement of raspberries for highbush blueberries would increase annual irriga-
tion water demand. This was validated in our analysis; we found that blueberries
have a slightly higher annual irrigation water demand than raspberries, regard-
less of soil group. However, it can be difficult to precisely quantify the change in
water demand with shifting land use as there is insufficient data about how
many farmers are changing crops, or the change in hectares. Nevertheless, our
analysis demonstrated a potential 40% increase in annual irrigation water de-
mand for any given parcel when switching from raspberries to highbush blu-
eberry (using the same irrigation system) in the LFV. Production of high bush
blueberry in British Columbia increased 56 percent from 52,597 MT in 2012 to
82,005 MT in 2016 [42].

Potatoes and corn have relatively similar annual irrigation water demand (for

sprinkler systems, an average of 2686 and 2611 m>ha™' respectively). These
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crops are agronomically and socioeconomically important within the region;
however, both require intensive farm practices such as high inputs of fertilizer,
tillage, and water. It should be recognized that loss of organic matter may de-
crease soil water-holding capacity as the result of annual tillage, leading to de-
creased infiltration [43], which may lead to increased water demand. The nega-
tive impacts of tillage on soil organic matter content may be counteracted by
planting cover crops, keeping crop residues on the soil surface, and reducing til-
lage as much as possible [44]. Strawberries had lower annual irrigation water
demand than potato and corn at an average of 2285 m>ha™' for sprinkler sys-
tems. Because strawberries do not need to be replanted every season, they are
also better suited than corn and potato to drip irrigation and/or reduced tillage
systems.

Soil groups with coarser textured soils (Ze. sandy loam and loamy sand) gen-
erally had higher calculated annual irrigation water demand compared to or-
ganic soils and fine-textured soils (Ze. silty clay loam, and silt loam). This is to be
expected as coarse-textured soils with less organic matter tend to have lower wa-
ter-holding capacity. Water demand for crop production is governed not only by
crop management and its efficiency but also by the balance between atmospheric
moisture deficit and soil water supply [1]. The main soil factors influencing soil
water holding capacity are soil texture (influences pore space) and organic mat-
ter content (influences formation of soil aggregates); texture cannot be managed
but organic matter can. In cases where more efficient irrigation systems are not a
possibility, organic matter additions to the soil (i.e. by applications of manure or
compost) can help to improve soil water holding capacity, leading to reduced ir-
rigation water demand over time [45] [46] [47]. Organic matter additions can
also help moderate soil temperatures and increase nutrient and exchange [48].
For example, sawdust mulch is often used for weed suppression in blueberries,
but this practice also provides water management benefits [49]. By providing a
physical barrier between the soil and atmosphere, sawdust mulch reduces eva-

porative water loss and moderates soil temperature [50] [51] [52].

4.2. Application of the Agricultural Water Demand Model for
Water Scarcity

Water demand is only one consideration for crop selection. Inevitably, econom-
ics and social factors have a large role to play when farmers are selecting their
crops. For example, in the LFV, insecure land tenures do not incentivize farmers
to invest in improving soil conservation practices on their farms [52]. In addition,
with the recent introduction of the Water Sustainability Act in British Columbia,
it is expected that water prices will increase [53]. As a result, the irrigation water
demand of a given crop may become an increasingly important consideration
for the profitability of farming, as farmers are highly adaptable to changes in
market conditions and access to productive inputs, including water [5].

For the crop types and irrigation systems included in this study, changing the

DOI: 10.4236/as.2021.128057

899 Agricultural Sciences


https://doi.org/10.4236/as.2021.128057

S. Kylstra et al.

land use and/or irrigation system could result in increases in annual irrigation
water demand of up to 132%. However, a change to a more water-efficient crop
or irrigation system could result in reductions of annual irrigation water de-
mand of up to 57%. As climate change and human water withdrawals continue
to pressure the water resource base in the LFV, the impacts of inefficient use of
irrigation water will only increase. In British Columbia, potential increases in ir-
rigation water demand in response to climate change have been estimated to
range from 21% to 58%, to as high as 30% to 114% depending on climate change
estimates [10]. Furthermore, agricultural land development scenarios could re-
sult in significant potential increases in regional irrigation water demand, up to
2400% [10]. A change of land use or irrigation system on a singular parcel may
not have a large impact on regional water dynamics, but at a large scale shifting

land use can greatly affect regional water demand and water availability.

4.3. Strategies to Manage Water Demand—Water Use Efficiency
and the Cropping System

It is estimated that all total available water will be allocated in the LFV within the
next 15 - 20 years [27]. This concern for water resource vulnerability is further
compounded by predicted climate change, which will increase the challenges
faced with water scarcity and food security [54]. In British Columbia, climate
change is expected to cause a decrease in winter snowfall and summer precipita-
tion, and an increase in temperature, meaning that more water will be required
for crop and livestock production [13]. These changes in precipitation patterns
can lead to more frequent and severe droughts, which are already a concern. In
2015, conditions in British Columbia were extremely dry and there was insuffi-
cient water to meet community, agricultural, and ecosystem needs [55]. This
caused severe socio-economic impacts and resulted in temporary water use re-
strictions for municipal, industrial, and agricultural uses [55].

Compounding the challenge of water supply is the concern for food security,
as less than 5% of BC’s total land is suitable for agriculture [26]. In addition, be-
cause the highly productive land in the LFV is also desirable for urban develop-
ment, urban areas and agriculture co-exist in lowland areas, leading to increased

competition for water [10].

5. Conclusions

The Agricultural Water Demand Model is a scientifically-based, useful, compar-
ative tool to assess irrigation demand among locally grown crops based on rele-
vant and readily available information about climate, crop needs, and soil para-
meters. The Agricultural Water Demand Model can aid in decision-making for
the effective management of local water resources. This study demonstrated that
irrigation water demand can be effectively reduced by changing from sprinkler
to drip irrigation and that irrigation water demand can be reduced by choosing

crops that are more water-efficient or can be irrigated by surface water sources
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rather than groundwater sources. Coarse-textured soils have higher water de-
mand than finer textured soils, but strategic decisions that consider the crop’s
suitability, tillage requirements, and organic matter additions, like sawdust mulch,
can effectively reduce evapotranspiration of soil water of row crops.

To extend the results of this study, there is a need to explore the dynamic
economic and social forces influencing crop choice and land-use dynamics over
time. There is also a need for researchers to collaborate with local authorities to
share data about land-use trends and quantify changes in irrigation water de-
mand to better understand how shifting land-use dynamics and irrigation tech-
nologies may be impacting local hydrology and the availability of water. The in-
formation presented in this study may be used by farmers as an input into their
economic analysis of their operations, as well as government agencies in eva-
luating water policy. The Agricultural Water Demand Model is flexible and only
requires local information which is often rather easily obtained and thus, the
model could be adapted and applied to other agricultural regions globally that

experience similar concerns of water scarcity.
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Table S1. Climate normal data (1980-2010) for the Lower Fraser Valley (data compiled from Abbotsford, Chilliwack, Delta, Maple
Ridge, Mission, and Surrey climate stations. Data obtained from Environment Canada [30].

Month Daily Aveorage Daily Max Daily Moin. Rainfall Snowfall Precipitation Days with Precipitation
Temp. (°C) Temp. (°C) Temp.("C) (mm) (cm) (mm) s02mm >5mm >10mm >25mm

January 3.6 6.2 0.9 196.6 19.4 215.9 20.0 12.3 7.6 2.2
February 4.9 8.4 1.4 119.7 8.6 128.3 15.6 8.0 4.4 0.8
March 7.2 11.2 3.2 135.8 5.4 141.2 18.5 9.2 5.1 0.9
April 10.0 14.5 5.4 117.3 0.6 117.9 16.6 7.8 4.1 0.7
May 13.1 17.8 8.2 99.2 0.0 99.2 14.7 6.4 3.5 0.6
June 15.7 20.4 10.9 79.8 0.0 79.8 12.9 53 2.7 0.4
July 18.0 233 12.7 50.2 0.0 50.2 8.1 3.1 1.6 0.3
August 18.2 23.6 12.7 49.9 0.0 49.9 7.5 3.0 1.6 0.4
September 154 20.6 10.1 70.3 0.0 70.3 9.0 4.2 2.4 0.6
October 10.6 14.3 6.8 158.2 0.2 158.3 16.3 8.7 5.6 1.5
November 6.1 8.8 3.4 243.7 6.2 249.8 20.9 13.3 8.9 2.5
December 33 5.8 0.8 175.4 16.8 192.1 19.5 114 7.1 1.9
Annual 10.5 14.6 6.4 1495.7 57.2 1552.9 179.5 92.5 54.2 12.7

Table S2. Soil parcel information and BC agriculture water calculator outputs. Listed property IDs will generate outputs for irri-
gated area (ha), soil (texture), growing season (days) irrigation season (days), climate ID, and peak evapotranspiration (mm/day).

Soil Management Soil Texture at Growing Irrigation

Site  Property ID Group Soil Type Rooting Depth Season Season Climate ID
1 026005166 Carvolth, Veddy Pelly Silty clay loam 172 days April 14-Oct. 2 25592108
2 013325761 Whatcom Whatcom Silt loam 146 days April 13-Sept. 5 25702034
3 013380192 Abbotsford, Ryder Abbotsford Silt loam 171 days April 15-Oct. 2 25942048
4 008586632 Monroe Lickman Silt loam 172 days April 14-Oct 2 25932048
5 029308615 Fairfield Fairfield Silty clay loam 171 days April 15-Oct 2 25602063
6 006551556 Page, Pitt, Prest Page Silty clay loam 172 days April 14-Oct 2 25622068
7 010812881 Alouette, Blundell Annis Silt loam 169 days April 14-Oct 2 25532061
8 009342486 Scat Scat Silt loam 168 days April 18-Oct 2 25882034
9 025086073 Columbia, Sunshine Columbia Loamy sand 171 days April 15-Oct 2 25086073

10 030039363 cOgE;;SIi’ 11—31:?:123:; Z:f;t“s’;hsh Cheam Sandy loam 168days  April 18-Oct2 25492134
11 002405342 Sumas Sumas Loamy sand 173 days April 13-Oct 2 25782081
12 006469480 Cloverdale Cloverdale Silt clay loam 171 days April 15-Oct 2 25762011
13 007843542 Delta Nicomekl Silty loam 174 days April 12-Oct 2 25821987
14 012049441 Berry Berry Silty clay loam 171 days April 15-Oct 2 25732009
15 012011479 Vinod Vinod Organic 174 days April 12-Oct 2 25801984
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16 011131829 Ladner Ladner Silty loam 176 days April 10-Oct 2 25831945
17 002392135 Benson, Guichon, Spetifore Guichon Silty clay loam 176 days April 10-Oct 2 25931942
18 002503930 Heron, Murrayville, Summer Heron Sandy loam 174 days April 12-Oct 2 25841992
19 002297116 Crescent Crescent Silt loam 176 days April 10-Oct 2 25871934
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